The Youden two-sample plot has been adapted for use in internal quality control in the immunoassay laboratory. It can be designed to show within-batch imprecision and drift as well as long-term between-batch reproducibility and is proposed as a method that is more economical and easily understood than other current plotting procedures.
Two-sample plot for internal quality control to show within-batch drift control limits and bet.....een-batck bias control limits. Both are set at 20% deviation from the target value for each QC pool. Significant within-batch drift or between-batch bias would be indicated if the values for all three pools in anyone batch crossed their respective control limits in the same direction.
The plotting of QC results in this way indicates: (a) the long-term between-batch reproducibility, which is revealed by the spread of values along the 45°line; (b) within-batch imprecision, which is shown by deviations at right angles to the 45°line towards the top left and bottom right quadrants; (c) within-batch drift if there are consistent deviations in one direction.
Two types of control limit are then set. In the example given ( Fig. 1) they are set at a 20 %deviation
The monitoring of the long-term consistency of results is as important in the immunoassay laboratory as it is in other areas of clinical biochemistry.' The commonest approach in immunoassay laboratories is to plot the results obtained in successive batches for quality control (QC) pools onto flow charts of the Shewhart or Levey-Jennings type. These give a longitudinal impression of between-batch reproducibility. Others" 3 prefer the cumulative sum (cusum) plot of the QC results which can reveal a progressive between-batch drift more readily. Both of these suffer some disadvantages when used in the immunoassay laboratory. The flow charts can become rather congested if they include the data (mean, control limits, and individual values) for three or more pools, and it is difficult to include data on within-batch imprecision and drift, which are common types of error in immunoassay. Furthermore, the cusum chart is easily distorted by sudden changes in value and is crucially dependent upon the stability and correctness of the target value. In this report I describe the use of the Youden two-sample plot.! which is widely used in external quality assessment, as an alternative to these plotting procedures in internal quality control.
Methods
In order to assess both within-batch and betweenbatch errors, QC pools at various dose levels are assayed at two positions in each batch-near the beginning and near the end. For the Youden plot ( Fig. 1 ) the value obtained for the pool placed near the beginning of each batch is plotted against that obtained for the pool placed near the end. The mean value for the pool obtained in a series (at least 10) of batches is used as a target value in subsequent batches. away from the target value. The between-batch bias control limits are centred on the 45°line at points 20% above and below the target values. The drift control limits are set at angles of 40°and 50°.
The user could be warned that the assay is out of control: because of between-batch bias if all three pools in a single batch cross the bias control limits in the same direction; or because of within-batch drift if all three pools cross a drift control limit in the same direction. Within-batch imprecision is difficult to assess with only three samples but would be indicated by results from the three samples moving in a random, non-consistent manner. The setting of the control limits is essentially arbitrary (in statistical terms) and should be governed by the clinical objective of the analyses.
As an example, QC data taken from 24 successive progesterone assay batches over a six-month period at the beginning of 1981 have been analysed. The Table 1 Internal quality control results (nmol/l) on progesterone pools from 24 assay batches (means ± SD) Jeffcoate assay utilised reagents provided by the World Health Organization matched reagent programme, the method being designed to measure values in the luteal phase of the menstrual cycle as an index of ovulation and luteal function. The assay batch size varied between 60 and 100 tubes per batch, all standards, samples, and QC pools being assayed in duplicate. In principle, drift if present would be expected to be more pronounced in the larger assays, but in this study no such effects were seen. Three QC pools were assayed-a low (follicular phase) pool and two pools representing the range to be expected in the luteal phase.
Results
The mean, SD,and CV for the three QC pools in the progesterone assay are given in the Table. The mean values are given for the pool placed at the beginning and at the end of the 24 batches. The overall mean (48 samples) is also given; this has been used as a target value. The Youden two-sample plot of the results obtained in the 24 batches is shown in Figure 2 .
Pool I Pool 2
Pool 3 o~W~~~~ro progesterone ac result (nroolll) (end of assay batch) Fig. 2 Example of the two-sample plot used for the internal quality control of a progesterone assay. Three pools (low, middle, and high) are each assayed twicenear the beginning and near the end-in each of24 batches. The control limits are set at a 10% deviation from the target value (as in Fig. 1 ).
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Discussion
It is important that QC results should be presented in a, manner that is easily understood by all in the laboratory so that it has educational impact as well as a short-term practical objective." It is my experience that cusum charts fail in this respect, being poorly understood and easily distorted by sudden changes in assay bias. Both the cusum and Shewhart types of flow chart are also influenced by, but do not reveal, imprecision and within-batch drift. They can be modified to show such errors but the charts then become congested with too much information competing for the attention of the observer. The two-sample plot devised by Youden" for the expression of results in collaborative multicentre studies has been applied in this study to internal QC samples and used to show all the three types of error experienced in immunoassay laboratories: within-batch imprecision and drift and betweenbatch variability. Such a plot can reveal a great deal of information on the long-term quality of an assay. As with the cusum plot, however, a fair amount of data will need to be accumulated before distinct trends are seen, and it cannot be as clear about sequential changes as the more widely used longitudinal flow charts. Such changes are generally apparent from the assay data but could be made more clear on the two-sample plot by numbering the batches in sequence and plotting the batch numbers or by using colours which change after every five batches or so. A further refinement which may be advantageous in some hormone immunoassays is to plot the results on logarithmic scales so that all pools are given equal visual weight. The control limits on such a plot could be logarithmic also (eg, set at x or -:-1·2 rather than + or -20~~) or, if arithmetic limits were used, would have to be curvilinear.
